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(71) We, Japan Gas-Chemical Com- 
pany Inc., a Japanese Body Corporate of 
1 — 1, 2-chome, Uchisaiwai-cho, Chiyoda-ku, 
Tokyo, Japan, do hereby declare the inven- 
5 tion for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly des- 
cribed in and by the following statement: — 
This invention relates to a process for the 
10 manufacture of a lithium-hydrocarbon adduct 
and of polymers of conjugated dienes by 
polymerising conjugated dienes in the pre- 
sence of a catalytic amount of the lithium- 
hydrocarbon adduct. In particular this inven- 
15 tion relates to the manufacture of polymers 
of conjugated dienes having a high cis-1,4 
structural unit content and excellent mech- 
anical properties using, as initiator, an oligo- 
meric dilithium adduct (i.e. oligomer di- 
20 lithium) having a substantially uniform mole- 
cular weight 

It is known that a complex formed be- 
tween a polycyclic aromatic hydrocarbon and 
an alkali metal is capable of initiating the 
25 polymerisation of various anionic monomers. 
For instance, U.S. Patent Specification No. 
3,170,903 discloses a process for polymeris- 
ing isoprene or butadiene using a complex of 
lithium and a polycyclic aromatic hydrocar- 
30 bon such as naphthalene. Such a complex is 
not sufficiently soluble in a non-polar sol- 
vent, and therefore it is difficult to control 
the molecular weight of the resulting poly- 
mer. Consequently, the molecular weight dis- 
35 tribution of the resulting polymer tends to be 
broad. This method has the further disadvan- 
tage that the cis-1,4 structural unit content 
of the conjugtaed diene polymer obtained 
is not sufficiently high, with the result that 
40 when such conjugated diene polymers are 
made into vulcanized rubber products, the 
products have inferior mechanical properties 
such as modulus, elongation and tensile 
strength. 



U.S. Patent Specification Nos. 3,157,604 
and 3,287,333 discolse the preparation of a 
polymerisation initiator by reacting lithium 
with isoprene, butadiene or styrene in the 
presence of a polycyclic aromatic compound, 
and the polymerization of a conjugated diene, 
alone, or with a vinyl-substituted aromatic 
hydrocarbon, using this polymerisation initia- 
tor to form a homopolymer or a block co- 
polymer. According to this method of pro- 
ducing a polymerisation initiator, how- 
ever, the molecular weight distribution of the 
lithium oligomer adduct obtained is very 
broad and contains as by-products, a pro- 
duct of 1,2- or 3,4-structural units having a 
low degree of polymerisation and simultane- 
ously a product of 1,2- or 3,4-structural 
units having a high degree of polymerisa- 
tion. Thus die reaction product becomes very 
viscous, and it is difficult to remove there- 
from the polar solvent, e.g. an ether used, and 
this solvent adversely affects the 1,4-poly- 
merisation of conjugated dienes. In addition 
a small amount of complex of lithium and 
polycyclic aromatic hydrocarbon or metallic 
lithium still remains in the reaction product, 
and thus it is difficult to obtain a homo- 
geneous solution of the initiator. This in turn 
makes it difficult to control the molecular 
weight of the conjugated diene polymers ob- 
tained. Thus employing this method, it is 
difficult to obtain polymers of conjugated 
dienes which contain more than 90% cis- 
1,4 structural units and whose molecular 
weight distribution is controlled within a 
narrow range. Furthermore, when made into 
ruber products by compounding and vulcaniz- 
ing, these polymers have only low mechanical 
properties. 

We have found that when metallic lithium 
is reacted with a polycyclic aromatic hydro- 
carbon in an aliphatic ether, insoluble resi- 
dues are removed from the reaction product, 
and a conjugated diene hydrocarbon or vinyl 
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or vinyUdene-substituted aromatic hydrocar- 
bon is added to the solution obtained, it is 
possible to control the moleoifcr weigt ds- 
Sfoution of the oligomenc bthmm hydrocar- 
5 bon adduct obtained in the reacoon pro- 
duct within a very narrow range, and the ali- 
phatic ether in the reaction product can be 
removed with ease and completeness. It has 
also been found that the reaction product 
10 after removal of substantially all the aliphatic 
ether, readily dissolves in a non-polar solvent, 
such as an aromatic or aliphatic hydrocarbon 
to form a homogeneous solution of poly- 
merisation initiator; that when the poly- 
15 merisation of conjugated dienes is conducted 
using this polymerisation initiator solution, 
the molecular weight distribution of the poly- 
mers obtained can be controlled within a 
£rrow range and the cis-1,4 structural urn 
20 content of the polymer can be maimamed at 
a high level; and that vulcanized rubber pro- 
duce obtained from the so produced con- 
jugated diene polymers have excellent mech- 
Er properties' such as tensile strength, 
25 rubber elasticity, rigidity, tear strength, abra- 
sion resistance and fiexural strength. 

The invention provides a process for pre- 
paring a lithium-hydrocarbon adduct which 
process comprises i) reacting, in the presence, 
30 as solvent, of an aliphatic ether, metallic 
lithium with a polycyclic aromatic hydrocar- 
bon having 10 to 30 carbon atoms, u) re- 
moving insoluble material from Ae reaction 
product of i), iii) adding to the solution 
35 obtained from ii) 1 to 10 moles, per ^ gram 
atom of lithium in the solution, of a con- 
jugated diene hydrocarbon or a vinyl or 
vinylidene-substituted aromatic hydrocarbon; 
and then iv) substantially removing all the 
40 aliphatic ether from the resulung solution. 
The present invention also provides a process 
for polymerizing an anion-polymerisab e con- 
jugated diene hydrocarbon in a non-polar sol- 
vent in the presence of the H*»um-hydro- 
45 carbon adduct prepared as described above. 
The polycyclic aromatic hydrocarbons to 
be used in the process of the invention are 
hydrocarbons which are not anion-polymeris- 
able and contain 10-30, preferab y 10- 
50 20, carbon atoms and 2—5, preferably Z— i, 
aromatic rings. Specific examples of such 
polycyclic aromatic hydrocarbons are: 

Hydrocarbons of the naphthalene series of 
the formula: 



55 



atom or an alkyl group of 1-4 carbon 
atoms, such as naphthalene, 1-methy naph- 
thalene, 2-methyl naphthalene, 1-ethyl naph- 
thalene and 2-propyl naphthalene; hydro- 
carbons of the phenanthrene series of the 
formula 



60 




wherein each of R, and R,, which may be 
the same or different, represents a hydrogen 




wherein R, is a hydrogen atom or an alkyl 
group having 1-4 carbon atoms, such as 
phenwthrene, 2-methyl phenanthrene, and 4- 
ethyl phenanthrene; hydrocarbons of the an- 
thracene series of the formula 
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wherein R, is a hydrogen atom or an alkyl 
group having 1-4 carbon atoms, such as 
anthracene, 1-methyl anthracene, and 2-ethyl 
anthracene; polyphenyls of the formula 




75 



wherein » is 0 or an integer of 1 to 3, such 
as diphenyl and terphenyl; and aromatic 
compounds of the formula: 




wherein each of X, Y and Z, which may be 
the same or different is a hydrogen atom, 
or a phenyl group, with the proviso that at 
least one of X, Y and Z is a phenyl group, 
such as stilbene, triphenyl ethylene and tctra- 
phenyl ethylene. 

Especially preferable polycyclic aromatic 
hydrocarbons are naphthalene, phenanthrene 
and diphenyl. 
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In the production of the polymerisation 
initiator according to this invention, metallic 
lidiium is generally reacted with the poly- 
cyclic aromatic hydrocarbon in an aliphatic 

5 ether in an inert atmosphere. The ratio of 
the metallic lithium (Li) to the polycyclic 
aromatic hydrocarbon (Ar) may be varied 
within a wide range, but a molar ratio of 
Li:Ar of 1:0.1 to 1:10 is advantageous in 

10 handling these materials. The reaction (i) 
of lithium with polycyclic aromatic hydro- 
carbon may generally be carried out at a 
temperature of -80° to 50°C The reac- 
tion time differs according to the tempera- 

15 ture, but in general, a reaction time of 1 — 48 
hours is sufficient. The completion of the 
reaction can be confirmed by measuring the 
lithium content (excluding untreated lithium) 
in an aliphatic ether solution of the reaction 

20 mixture. 

The aliphatic ethers usable in the present 
process include chain or cyclic aliphatic 
monoethers, examples of which are ethers re- 
presented by the formulae 

25 R— O— R* 



vinylidene-substituted aromatic hydrocarbon 
in the presence of this metallic lithium 
would not give a polymerisation initiator hav- 
ing a uniform molecular weight distribution. 
Furthermore, the initiator solution thus ob- 
tained would give a slurry, when the polar 
ether solvent of the initiator solution was 
replaced by a non-polar solvent. 

The solution obtained after removal of the 
insoluble residue, is an aliphatic ether solu- 
tion of an adduct of the polycyclic aromatic 
hydrocarbon and lithium. To this solution is 
added an ethylenically unsaturated hydrocar- 
bon which is a conjugated diene hydrocarbon, 
vinyl- or vinylidene-substituted aromatic 
hydrocarbon in an amount of 1 — 10 moles, 
preferably 1 — 5 moles, per gram-atom of the 
lithium in the solution thereby to cause the 
added hydrocarbon and the aduct to react. 

The conjugated diene hydrocarbons used 
in this step (iii) may be of the formula: 

H Ri R 2 H 



wherein each of R 3 and R u which may be 
the same or different, represents an alkyl 
group having 1 — 4 carbon atoms, the sum of 
the carbon atoms of R 3 and R 4 being at 
30 least 3; and 




35 



40 



45 



50 



55 



60 



65 



70 



75 



H — C=C — C=C— H 

wherein each of Ri and R 2 , which may be 
the same or different, represents a hydrogen 
atom or an alkyl group having 1 — 4 carbon 
atoms such as butadiene, isoprene, 23 - di- 
methyl - 1,3 - butadiene, 2 - ethyl - 1,3 - buta- 
diene and 2,3 - diethyl - 1,3 - butadiene. 
1-phenylbutadiene may also be used. 

The vinyl-substituted aromatic hydrocar- 
bons are styrene derivatives which may be of 
the formula: 



CHfCH 



wherein R.-, is a straight-chain alkylene group 
having 4 or 5 carbon atoms. 

Preferred aliphatic ethers are diethylether 
and tetrahydrofuran, but diisopropyl etiier, 
di-n-butyl ether, methyl ethyl ether, ethyl-n- 
propyi ether and tetrahydropyran can of 
course be used. The ratio of the aliphatic 
ether to the polycyclic aromatic hydrocarbon 
can be varied within a wide range, but it is 
preferable to use 1—20 litres of the ali- 
phatic ether per mole of the polycyclic aro- 
matic hydrocarbon. The use of less aliphatic 
ether gives a viscous reaction product. The 
use of a larger amount is not preferable 
from the economical point of view. 

In step ii) insoluble material is removed 
from the reaction mixture obtained from step 
i) by such procedure as filtration, centrifugal 
separation and decantation. The removal of 
the insoluble material is of the utmost im- 
portance in the present invention. The in- 
soluble material comprises excess or unre- 
ached metallic lithium. Reaction of the adduct 
of lithium and the rxriycyclic aromatic hydro- 
carbon with a conjugated diene, vinyl- or 
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wherein each of R x and R 2 , which may be 
the same or different, is a hydrogen atom or 
an alkyl group having 1—4 carbon atoms 
such as styrene, o, m, and p-methyl styrenes. 

As the vinylidene-substituVid aromatic 
hydrocarbons, there can be mentioned «-alkyl 
styrene derivatives of the formula 
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wherein each of Ri and R 23 which may be 
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polymerised in tnc ™m- F u" - , 

ally in the presence of an inert gas or under 
a vacuum at a temperature of -80 to 80 u 

f Z 3 Su S3 unittntent 

adjust the amount of the res^ual ther^ 
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15 



the same or ainercm, rcy ^ » - v' g 
to *e «*ytatal>y. unswirsted Ijta- „ ?o of diem t. »lv»t »ffc« *e 
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25 



nletion of the reaction can be easily con 

isonrenvl dilithium is formed, and red wnen 
SSryl diUthium is formed. Thus a homo- 
geneous solution of the polymerisation jmnj 
-hav.ng_an active group 



critical eitner, out b^T'"^. 
sired molecular weight of *e polymer 

Butadiene or isoprene can be ud a. in- 
conjugated dienc polymerised by the proce 
of ihe present invention, isoprene being par- 
ticularly preferred. It is also possible to manu- 
re block copolymers of the conmgated 
dlene monomer and containing less than f 50 c , 
oreferably less than 40%, by weight of units 
derived from a monoethylenieaHy unsatur- 
S IJSmer copolymcrisable therewith 
The monoethylenically unsaturat cd comono- 
nnlar or non-polar, fcxampiei 
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. j u„„ ,i C aH. is obtained. 



30 



35 



40 



derived irom uic r — -j 

b «AS SCI*, i— 

Kich rU-1 4 structure unit content, it is 
preSble 5 ^ T'amount of the remaining 
S»tic ether should be less than 0. L/, by 

W< hafS 15 ft Se° i - ^Sft 
SyS? Ai *e limium concentra- 
tion is 1 gm. atom of lithium/htcr of «Ju- 
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iSSlHS vlnyl x lene, cthyhrinyl 
Ene, methyl acrylate ethyl acrytae, 
methyl mediacrylatc, ethyl methacnl-u, 
acrvlonitrile and methacrylonitnle. 

Thus for example block copolymers com- 
nnS a ternatc blocks of a conjugated diene 
5i K a monoemylcnically' unsatur- 
ated^ hydrocarbon polymer may be prepared 
bf polymerising alternately (a) the anion- 

in the polymerisation process jnc tade aro- final I gymer ] rf a mo „oethylemcally 

distillation under vacuum, but the monomer in the presence of the 

the polymer units derived therefrom .n the 

^Cmopolymers of conjugated dienes 
are produced by the process of the present 
£&. it is preferable to produce poly- 
mers having a molecular weight in the range 
; . nr ^ n rnnnmn namcularlv lOO.OOu 



X the present invention has made it 
poSbfe o obtain a polymerisation initiator 
K molecular weight dtei^»«* 
"oiled within a narrow range, and which is 
dissolved in a non-polar solvent 

The polymerisation of the con ) u 8^™ 
dienes can be conducted under conditions 
dienes can o= nolvmensauon 
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mers having a molecular u - 

dienes can oe conuuticu - — — : _ . f in ooo to 1,000.000 particularly iw,wti 
S per sc except that a polymerisation of Kfimw ^ ^ k copolymcrs are 
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to 1,000,000. From this point of view, it is 
generally preferable that the polymerisation 
initiator should be used in a ratio such that 
1/100 to 1/10,000 gm-atom, particularly 0.1 

5 to 1 milligram-atom of lithium is used per 
mol of monomer. 

The polymerisation can be terminated by 
introducing methanol, water, air or carbon 
dioxide gas into the polymerisation system. 

10 The block copolymer may for example be 
manufactured in one of the following ways. 

(I) A non-polar anion-polymerisable mono- 
ethylenicaly unsaturated comonomer e.g. 
styrene or a-methyl styrene, and a conjugated 
15 diene may be alternately introduced into the 
polymerisation system. The order of addition 
is not critical, and the addition may be made 
any number of times. 



(II) A " living " polymer chain of a con- 
20 jugated diene homopolymer, or a "living" 
block copolymer of a conjugated diene with 
a non-polar monoethylenically unsaturated 
monomer, such as styrene and ^-methyl 
styrene, can be formed first, and then a polar 
25 anion-polymerisable monoethylenically un- 
saturated monomer, e.g. methyl methacrylate 
and acrylonitrile may be introduced. 

The conditions for the block copolymerisa- 
tion are almost the same as those employed 
30 in the manufacture of homopolymers. In the 
copolymerisation of the monoethylenically un- 
saturated monomer, the use of a polar-solvent 
is for polar monomers because it makes the 
polymerisation rate higher, but a non-polar 
35 solvent or a mixture of a polar solvent and 
a non-polar solvent may be used. The amount 
of the solvent used should preferably be more 
than 25 times that of the monomer used for 
the production of homopolymer. 
40 Homopolymers of conjugated dienes or 
block copolymers of conjugated dienes and 
monoethylenically unsaturated monomers ob- 
tained by the process of this invention have 
a higher cis-1,4 structural unit content than 
45 those obtained by conventional methods. In 
an isoprene polymer more than 90% of the 
total number of isoprene units may be cis-1,4 
units when prepared by die present process. 
Furthermore, the polymers obtained by the 
50 process of the invention when made into 
vulcanised rubber products have a better 
tensile strength, modulus, elongation and other 
mechanical properties than those obtained by 
conventional methods. 
55 The block copolymers obtained by the pre- 
sent process have excellent rubber elasticity 
at low temperatures, and block copolymers 
containing a relatively high number of 
thermoplastic polymer segments are impact 
60 resistant, and can be easily moulded. A 
further advantage of the block copolymers of 
the invention is that they have a uniform 
composition and are not contaminated by a 



homopolymer of the copolymerisable com- 
ponent 65 

The polymers obtained by the process of 
the invention may compounded with a rubber 
anti-oxidant, such as are amine or phenol 
series compound; a filling reinforcing agent, 
such as white carbon (an ultrafine, white, 70 
powder, silica type reinforcing agent, 88% 
SiO«, density 1.95 to 230 g/cc, particle size 
0.02—0.5 /£, B.E.T. surface area or 150 m 2 / 
g, pH of a 5% suspension 9.0—10.0) or 
carbon black, a filler, such as calcium car- 75 
bonate, talc or calcined clay, a vulcanising 
agent, such as sulphur, a vdcanisation pro- 
moter, such as an organic sulphide; a vul- 
canisation promoting adjuvant, such as zinc 
white, a lubricant, such as a fatty acid or 80 
a metal salt of a fatty acid, an extender oil 
such as a naphthenic or aromatic oil; ^ a 
peptiser or a pigment in accordance with 
known compositions. 

The polymers of the invention either alone 85 
or in blends with natural rubber or other 
synthetic ruber, have a wide field of appli- 
cation as, for instance, tyres, footwear, belts, 
rolls, anti-vibratile rubbers, packings, bottle 
stoppers, and nipples for nursing-bottles. 90 

The invention will be further illustrated 
by the following Examples. Percentage given 
in the Examples are by weight. 

The micTostructure of polyisoprene was 
determined in accordance with the infrared 95 
method described in J. L. Binder and H. C. 
Ransaw, Anal. Chem. 29, 1957, p.p. 503— 
508. The microstructure of polybutadiene was 
determined in accordance with J. L. Binder, 
Anal. Chem. 26, 1954, page 1877. Incident- 100 
ally, Q value is a ratio of a weight average 
molecular weight (M w ) to a number average 
molecular weight (M„) determined by gel- 
permeation chromatography (GPC), the 
smaller this value, the narrower the mole- 105 
cular distribution. 



Example 1 
(preparation of an initiator solution) 
In a dried, egg plant-shaped flask equipped 
with a magnetic stirrer and a ground cock, U0 
0.01 mol of naphthalene and 0.5 mol of 
metallic lithium were charged under an atmo- 
sphere of high-purity N*, and the pressure 
inside the system was immediately reduced 
to 10-* mm Hg. Thereafter 100 ml. of diethyl 115 
ether, purified and degasified in advance, 
were charged under atmospheric pressure 
and the system was stirred at 25°C. for 40 
hours. After the unreacted excess metallic 
lithium had been filtered off, 0.03 mole of 120 
purified styrene monomer was charged under 
subatmospheric pressure and stirred at 
-20°C. for 2 hours and 25°C. for 3 hours. 
After the reaction diethyl ether was removed 
by vacuum distillation and then 100 ml of 125 
benzene were added to the residue, the re- 
sulting mixture was stirred for about 30 



minutes at room temperature 
Sine was removed by vacuum W» 
This operation was repeated a furthe : twice. 
Then 100 ml of benzene were added to 

s irive an initiator solution. . 
* The alkali metal concentration in the initia- 
tor solution was 0.078 g. atoms/hter and the 
amount of ether therein was less than 0 01 / 
by weight (a value which could not be 

10 measured by gas chromatography). 

Example 3 
The reactor used was a three-necked, 100O 
ml pressure-resistant glass 
with a magnetic stirring rod, an inlet _ for an 
15 Sator sohnion and an inlet for a benzene 

the reactor had been dried, 20 m of tne 
mtua"r solution obtained in Example 1 and 
400 ml of benzene were charged in the re- 

20 aSrlder an atmosphere of N s and 

the mixture was stirred, 200 ml of isoprene 
was added. Thereafter the reaction was con- 
ned at 30°C. for 6 hours. The reaction 
product was then added to 1 liter of meAano 

25 containing 0.3 g. of anuoz^dant p -phenyl - 
naphthylamine to precipitate die f^ti. 
The precipitate was separated and thereafter 
dried at 50°C. under sub-atmosphenc pres- 
sor 48 hours. The results were as follows. 



EXTMPLE 3 

foreoaration of an initiator solution) 
An initiator solution was prepared as in 
Example 1. The amounts of each reagent 
used were as follows. 



60 



(1) 

(2) 
(3) 



f Phenanthrcne 
< Lithium 

[Diethylether 
Styrene 
n-Hexane 



0.004 mole 
0.1 mole 
90 ml 
0.010 mole 
3x100 ml 
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thereafter 100 ml of n-hexanc was added to • 
obtain an initiator solution. 

The residual amount of ether in the initio- 
tor solution obtained was less than 0.01/, 70 
bv weight and the alkali metal concentration 
of said solution was 0.036 gm-atom/liter. 

Example 4 
Using the same reactor as in Example 2, 
under tn atmosphere of argon, 10 ml of the 
initiator solution obtained in Example 3 and 
92 ml of benzene were charged in the factor 
and while the mixture was stirred, 14 ml of 
isoprene were added. The mixture was then 
heated at 60°C. for 30 minutes and at 30° 
C for 18 hours. Of 116 ml of the produced 
polymer solution, 23 ml was taken ana treated 
with methanol. 
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Conversion 
Cis-1,4 structure 
3,4 structure 
1,2 structure 

Molecular weight (average) 
Q value 



93% 
94% 

6% 
trace 
210,000 
1.66 



98% 
93.5% 
4.5% 
2.0% 
69,000 
1.85 



(Q value denotes M w /M u by GPC) 

Using this polymer, a test piece was prc- 
oared by a standard rubber compound 
method and the following mechanical charac- 
teristics were obtained: 
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90 



45 



Recipe: 
Polyisoprcne 
Zinc stearate 
Sulfur 

TMT (vulcanizing accelerator) 
BHT (antioxidant) 
Stearic acid 



parts by 
weight 
100 
3 
2 
1 
1 
1 



o- 95 



50 



TMT: (tetramethyl thiuram disulfide) 
BHT: (2,6-ditertiary butylphenol) 

Vulcanizing conditions: 

150°C. 8 min. 150 kg/cm 2 G 



Mechanical properties: 



55 



300% 
modulus 
(kg/cm 2 ) 
11.5 



Tensile 

strength Elongation 
(kg/cm 2 ) (%) 
112 980 



Hardness 
(Shore A) 
28 



Conversion 
Cis-1,4 structure 
3,4 structure 
1,2 structure 

Molecular weight (average) 
Q value 

Example 5 m 
(preparation of an initiator solution) 
In a dried, egg plant-shaped flask equipped 
with a magnetic stirrer and a ground cock, 
01 mol of naphthalene and 0.5 mol ol 
metallic lithium were charged under the atmo- 
sphere of argon. Thereafter, the Pressure 
inside the system was reduced to 10 rnmHg 
and 100 ml of tctrahydrofuran, purified and 
degasified in advance, was charged under 
subatmospheric pressure. Stirring at 25°C was 100 
continued for 6 hours. The unreacted excess 
metallic lithium was filtered off, next 0.4 mole 
of isoprene monomer was added under sub- 
atmospheric pressure, and the mixture was 
stirred at -20°C. for 2 hours and at 25°C. 
for 3 hours. Tetrahydrofuran was removed by 
vacuum distillation, the pressure inside the 
flask was again reduced to 10- 1 rnmHg, there- 
after 100 ml of n-heptane were added and 
the mixture was stirred. Next the added n- 
heptane was removed by vacuum distillation, 
100 ml of n-heptane were aded anew, and the 
mixture was stirred for 1 hour. Thereafter 
said n-heptane was completely removed and 
100 ml of n-heptane were added anew and 115 
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the mixture was stirred for 1 hour. An appro- 
priate amount of said mixture was taken 
and used as a polymerization initiator. 
The concentration of the alkali metal in 

5 the initiator solution obtained was 0.85 gm- 
atoms/liter as measured by titration with 
hydrochloric acid. The amount of tetrahydro- 
furan in the initiator solution was less than 
0.01% by weight (a value which could not 

10 be measured by gas chromatography). 

Example 6 
A 150 ml reactor equipped with an 
ampoule containing 50 ml of isoprene and 
50 ml of n-heptane, and an ampoule con- 

15 tianing 2 ml of the initiator solution of Ex- 
ample 5 was. prepared. The air inside the 
system was removed and the reaction system 
was dried under subatmospheric pressure, 
thereafter 30 ml of n-heptane purified and de- 

20 gasified in advance, were charged in the re- 
actor. First, by breaking the ampoule, 2 ml 
of the initiator solution were charged into 
the reactor, and then at room temperature the 
seal was broken and the n-heptane solution of 

25 the isoprene monomer was mixed with the 
initiator solution, the mixture was stirred, 
heated to 60°C. and left to stand for 2 hours. 
After 2 hours, the reaction product was then 
added to 1 liter of methanol containing 0.3 

30 g. of antioxidant, /J-phenymaphthylarnine to 
precipitate the polymer. The precipitate was 
filtered off and dried at 50°C. under sub- 
atmospheric pressure for 48 hours. The con- 
version was 99%. 

35 Micro structure of the polymer: 

Cis-1,4 structure 91% 

3,4 structure 8% 

1,2 structure 1% 

Molecular weight (average) 60,000 

40 Q value 1.50 

Example 7 
A reactor equipped with an ampoule con- 
taining 68 ml of isoprene and 100 ml of 
toluene, and an ampoule containing 2 ml of 

45 the initiator solution of Example 5, was pre- 
pared. The air inside the system was dried 
and 50 ml of toluene purified and degasified 
in advance, were charged to the reactor under 
subatmospheric pressure. First the initiator 

50 solution was introduced into the reactor by 
breaking the ampoule and then at 25°C. a 
seal was broken and the toluene solution of 
isoprene monomer was added to the initiator 
solution and the mixture was stirred. The 

55 mixture was left to stand at 30°C. for 6 
hours and, thereafter the reaction product 
was added to 1 liter of methanol containing 
0.2 g of antioxidant, ^-phenylmphmylarnine, 
to precipitate the polymer. The precipitate 

60 was filtered off and dried at 50°C. under 
sub-atmospheric pressure for 48 hours. The 
conversion was 96.8%. 



92% 

7% 
iy o 

61,000 
1.68 



were poly- 70 



75 



Microstructure of the polymer: 
Cis-1,4 structure 
3,4-structure 
1,2-structure 

Molecular weight (average) 
Q value 

Example 8 
The following components 
merized under the conditions of Example 2. 

Petroleum ether 200 ml 

Isoprene 100 ml 
Initiator solution (of Example 

5) 5ml 

Conversion 96.8%, 

Cis-1,4 structure 92%, 

3,4-structure 6% 

1,2-structure 2%> 

Molecular weight (average) 48,000 

Q value 1.46 

Example 9 
To 24 ml of the 116 ml of the polymer 
solution obtained in Example 4, 0.025 mol 
of methyl methacrylate (MMA) dissolved in 
20 ml of tetrahydrofuran was added. When 
the mixture was left to stand at 25°C. for 
18 hours, 65% of the added MMA was co- 
polymerized. The micro structure of the iso- 
prene unit was the same as that of Example 
4. 

The polymer so produced was a block co- 
polymer of MMA-cis 1,4 polyisoprene- 
MMA. From this block copolymer, a film 
was produced by casting. The film was trans- 
parent, exhibiting rubber elasticity. 



65 



80 



85 



90 



95 



Example 10 

To 23 ml of the 116 ml of polymer solu- 
tion obtained in Example 4, 0.12 mole of 
acrylonitrile dissolved in 20 ml of tetrahydro- 100 
furan was added. The reaction was conducted 
at 10°C. for 20 hours, thereafter the pro- 
duced polymer was treated by the process 
of Example 2. 

Of the acrylonitrile added, 10% was block 105 
copolymerized. A film prepared from this 
block copolymer exhibited rubber elasticity. 

Example 11 
By the process of Example 2, polymeriza- 
tion was carried out under an atmosphere of 110 
high-purity argon. 

Initiator solution (of Example 3) 2 ml 
Isoprene 02 mole 

n-Hexane 50 ml 

Conversion 99.6% 115 

The polymerization was carried out at 60° 
C. for 30 minutes and at 30°C. for 20 hours. 
The polymer obtained was treated by the 
process of Example 2. 



1,249,668 



Conversion 
Cis-1,4 structure 
3,4 structure 
1,2 structure 

Molecular weight (average) 
Q value 



99.6% 
93% 
6% 
1% 

3.9 XlO 5 
1.98 



TIsine the polymer obtained, by the stan- 
daKbber S£«d ^thod descnbed m 
Example 2, a test piece having the following 
10 mechanical properties was prepared. 

Example 12 
Polymerization was carried out in vacuo 
by the process of Example 6. 

Initiator solution (of Example $ ^ 

, 3 ) 0.18 mole 

Isoprene 133 ml 

Benzene 

The polymerization was carried out at 
60°C. for 30 minutes and at 30 C. tor zu 

h Tml. was removed I from the j^lymer 
solution so produced and treated with meth- 
anoL 



The amount of each reagent was as follows. 

fDiphenyl 0.01 mole 
(1) kitfnum 0 04 mole «0 
tDiethylether 100 m! 

A diohenyl-lithmm complex compound was 
syn±S after separating excess hth.um, 
isoprene was added. 



65 



(2) Isoprene 

(3) Cyclohexane 



0.02 mole 
4X100 ml 



15 



20 



25 



98.6% 
93% 
6% 

10 /° n - 
1.37 XlO J 

1.75 



Conversion 
Cis-1,4 structure 
30 3,4 structure 
12 structure 

Molecular weight (average) 

6 value 

Example 13 

« To 40 ml of the 150 ml of polymer solu- 

35 tion obtained in Example 12 0.025 mo le of 
Cene dissolved in 20 ml of tetrahydrofuran 
X added at 30°C, the mixture was re- 
acted at said temperature for ; 20 hours, and 

A* ?h£eafter it was neated with methanol. 

40 7 ly of the added styrene had reacted and 
a 24 copolymer of styrene-cis 1,4-polyiso- 

^eTvalue^^-btained block co- 

45 ISt^ copolymer a test piece 
was prepared by a casting and tests of mech- 
anical properties were conducted. The results 
were as follows. 



The total of 400 ml of <7d°gf*l ™ 
used to carry out the operation for the re 
mlval of^elidual diethylether 4 tunes. 200 

Sensation of the initiator sohmon was 
0.022 mole/liter. 

Example 15 
A 10-liter pressure-resistant stainless con- 
tainer (reactor) equiped with, a stirring ; rod, 
« fnlet for an initiator solution, an inlet for 
fcSnSn? solution of isoprene monomer 
Ld an entrance for insertmg a ttermo m ettr 

t?Std into *e - S »d ^ 
After the temperature had been made 3 «- , 
500 ml of isoprene were added . After tne 
addition, the temperature : was kept . « 5 C 
and stirring was continued for 24 hours. T he 
so g produced was ^n treated » the 
same way as that of Example 2. 
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90 



Conversion 
Ci s .l,4 structure 
3,4-structure 
\2 structure 

Molecular weight (average) 

The V tst piece prepared from 'me polymer 
was tested ? for mechanical properties The 
mechanical properties of this vulcan.zed rub- 
ber were as follows. 



97% 
94% 
6% 
trace 
360,000 
1.75 



95 



100 



Tensile strength (kg/cm 2 ) 
Elongation (%) 
300% Modulus (kg/cm; 
Hardness (Shore-A) 



126 
930 

12.1 

27 



105 



50 



55 



300% 
modulus 
(kg/cm 2 ) 
13.0 



Tensile 

strength Elongation Hardness 

(kg/cm') (%) (ShoteA) 
V 105 1300 82 



Example 16 . 
By the process of Example 15, using 100 
ml of the initiator solution of Example 14, 
410 of butadiene were added at -15 C. in 
JSS ml of benzene and V°^™™\™ 
^rried out under an atmosphere of high- 
SuriW N«. The butadiene was liquefied by 
P" 1 ??. .1 _i<or. mllected in a measuring 



110 



Ejuuni-*.* ». . m.rilv N, Itie DUtaOlCHC '"1- .* 

(preparation of an initiator soluuon) pug ■ , L _ fa , measuriDg 

AK initiator solution was prepared by the ™™g^ ^ added tQ ^ reactor . 
process of Example 1. 
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Conversion 96% 
1,2-structure 16% 
Trans-1,4 structure 51% 
Cis-1,4 structure 38% 
5 Molecular weight (Average) 280,000 
Q value 2.05 

Example 17 
To 650 ml of the polymer solution of 
Example 16, 025 mole of styrene dissolved 
10 in a mixed solvent of 120 ml of tetrahydro- 
furan and 200 ml of benzene was added. 
When the reaction was carried out for 24 
hours at 20°C > 82% of the added styrene 
was copolymerized. The micro structure of 
15 butadiene unit was same as that of Example 
16. The polymer so produced was a styrene- 
butadiene-styrene block copolymer. A test 
piece was obtained from the block copolymer 
by the method of Example 9. The mech- 
20 anical properties were as follows. 

Tensile strength (kg/cm 2 ) 110 

Elongation (%) 1400 

300% Modulus (kg/cm 2 ) 13.0 

Hardness (Shore-A) 55 



Example 20 
By the process of Example 15, polymeriza- 
tion was carried out in high-purity N 2 . 



60 



25 



30 



35 



Cycloheptane 5000 ml 

Isoprene 500ml 
Initiator solution (of Example 

19) 100 ml 

Conversion 96% 

Cis-1,4 structure 93% 

3,4-structure 7% 

1,2-structure trace 

Molecular weight (average) 700,000 

Q value 2.48 

From the polymer so obtained, a test piece 
for testing mechanical properties was pre- 
pared by the method of Example 2. The 
mechanical properties of the vulcanized rub- 
ber was as follows. 

Tensile strength (kg/cm 2 ) 118 

Elongation (%) 950 

300% Modulus (kg/cm 2 ) 10.5 

Hardness (Shore-A) 26 
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Example 18 
To 650 ml. of the polymer solution of 
Example 16, 025 mole of MMA dissolved 
in a mixed solvent of 120 ml of tetrahydro- 
furan and 200 ml of benzene was added. 
When the reaction was carried out at —78° 
C for 24 hours, 75% of the added MMA 
was copolymerized. The micro structure of 
butadiene unit was same as that in Example 
16. The produced polymer was a MMA-buta- 
diene-MMA block copolymer. A test piece 
from this block copolymer was prepared by 
the process of Example 9, had the following 
mechanical properties. 



Tensile strength (kg/cm 2 ) 125 

40 Elongation (%) 860 

300% Modulus (kg/cm 2 ) 13 

Hardness (Shore-A) 50 



Example 21 
(preparation of an initiator solution) 
By the process of Example 1, an initiator 
solution was prepared. 
The amount of each reagent was as follows. 85 



f a-Methylstyrene 0.03 mole 

(1) < Lithium 0.05 mole 
^Dibutylether 100 ml 

(2) «-Methylstyrene 0.04 mole 

(3) Benzene 500 ml 



The total of 500 ml. of benzene was used 
to carry out the operation for the removal 
of residual diethyl ether 6 times. Then 100 
ml of benzene were added to obtain an initia- 
tor solution, the alkali metal concentration 
of which was 0.056 gm-atoras/liter. 



90 



95 



Example 19 
(preparation of an initiator solution) 
45 By the process of Example 1, an initiator 
solution was prepared. 
The amount of each agent was as follows. 

fStilbene 0.005 mole 

(1) < Lithium 0.02 mole 
50 t^iethylether 100 ml 

(2) «-Methylstyrene 0.01 mole 

(3) Cycloheptane 500 ml 

The total of 500 ml. of cycloheptane was 
used to carry out the operation for the re- 
55 moval of residual diethylether 4 times. 100 
ml of cycloheptane were then added to ob- 
tain an initiator solution, the alkali metal con- 
centration of which was 0.009 gm-atom/liter. 



Example 22 
By the process of Example 15, polymeriza- 
tion was carried out in high-purity N*. 

Benzene 5000 ml 100 

Isoprene 500 ml 
Initiator solution (of Example 

21) 35 ml 

Conversion 97% 

Cis-1,4 structure 92% 105 

3,4-structure 7% 

1,2-structure 1% 

Molecular weight (average) 400,000 

Q value 226 

Values of mechanical properties of a yul- 110 
canized rubber of the polymer so obtained 
were as follows. 



Tensile strength (kg/cm 1 ) 97 5 

Elongation (%) ^^0 

300% Modulus (kg/cm 2 ) 9.0 

Hardness (Shore-A) 26 

Example 23 
(preparation of an initiator solution) 
By the process of Example 1, an initiator 
solution was prepared. , 
The amount of each reagent was as follows. 



10 



15 



20 



25 



30 



35 



was dissolved in 100 ml of n-heptane and a 
mixture having an alkali metal concentration 
of 0.25 mole/liter was prepared. This inma- 
tor mixture was a non-uniform slurry, and 
was used as polymerization initiator for iso- 
prene. The conditions of polymerization 
were as follows. 



("Anthracene 

(1) J 'Lithium 

^Diethylether 

(2) l-Phenylbutadiene 

(3) Toluene 



0.01 mole 
0.1 mole 
100 ml 
0.02 mole 
400 ml 



The total of 400 ml of toluene was used 
to carry out the operation for theremoval 
of residual diethylether 4 times. Then 200 
ml of toluene were added to obtain Mot- 
tor solution, the alkali metal concentrauon of 
which was 0.028 gm. atom/liter. 

Example 24 
By the process of Example 16, polymerisa- 
tion was carried out in high-purity N 2 . 
Toluene 



Toluene 
Butadiene 

Initiator solution (of 

Example 23) 
Conversion 
1,2 structure 
Trans-1,4 structure 
Gs-1,4 structure ,~ 
Molecular weight (average) 410,000 
Q value 2 67 



5000 ml 

410 ml (-15°C) 



50 ml 

94% 

9% 

49% 

42% 



Referential Example 1 
(a process corresponding to that of 

Patent Specification No. 3,157,604) 
A polymerization initiator was prepared by 
mixing and reacting the following amounts 
40 of materials. 



Naphthalene 
Lithium 
Isoprene 
Diethylether 



0.01 mole 
0.5 mole 
0.03 mole 
100 ml 



45 The reaction condition were as follows. 



Reaction temperature 
Reaction time 



25°C 
48 hours 



The reaction was carried out in vacuo, 2 
hours after starting the reaction, 0.015 mole 
50 of isoprene was added and 2 hours there- 
after another 0.015 mole of isoprene was 
added and the reacuon was conunued for 
44 hours. Diethylether was removed 
by vacuum distillation. The residual solid 



Isoprene 

n-fteptane 

Initiator 

Reaction temperature 
Reaction time 
Conversion 



The reaction system at the time of poly- 
merization was non-uniform. 



Cis-1,4 structure 
Molecular weight (average) 
Q value 



91.0% 

2.77X10*' 

2.67 



300% Modulus (kg/cm 2 ) 
Tensile strength (kg/cm 2 ) 
Elongation (%) 
Hardness (Shore-A) 



10.0 
23.0 
650 
26 



60 



1.06 mole 

800 mole 

1.13 X10-* mole 

50°C. 65 

24 hours 

96.5% 



The mechanical properties of a vulcanized 
rubber of the obtained polymer were as 
follows. . 

The compounding was carried out as in 

Example 2. 
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Referential Example 2 
To 0.01 mol of the initiator slurry ob- 
tained by the process of Referential Example 
1, 0.05 mol of isoprene was added, but the 
latter did not dissolve in the former and 
the resultant mixture which was used as poly- 
merization initiator for isoprene, was non- 
uniform. 

The polymerization conditions were as 
follows. 

The reaction was carried out in vacuo. 



85 
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Isoprene 0.25 mole 

n-Heptane 100 ml 

Initiator 0.304X10 * mole 

Polymerization temperature 30°C. 
Polymerization time 48 hours 

Conversion 98.5% 

The reaction ssytem at the time of poly- 
merization was non-uniform. 1UU 

Cis-1,4 structure 89.0% 
Molecular weight (average) 2.3x10 ' 
Q value 2.30 

The mechanical properties of a vulcanized 
rubber prepared from the obtained polymer 105 
were as follows. 



11 
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10 



15 



20 



25 



300% Modulus (kg/cm 2 ) 7,8 

Tensile strength (kg/cm 2 ) 18.0 

Elongation (%) 700 

Hardness (Shore-A) 27 

Referential Example 3 
(a process corresponding to that of U.S. 
Patent Specification No. 3,170,903) 



Naphthalene 

Lithium 

Diethylether 



0.01 mole 
0.05 mole 
100 ml 



isoprene (a part of the system was taken 
and 100% of conversion was confirmed), 50 
ml of tetrahydrofuran were added and the 
mixture was well stirred. At that time in- 
soluble material was dissolved and the system 
became uniform. 

Next 0.052 mole of styrene dissolved in 20 
ml of tetrahydrofuran (THF) was added. The 
copolymerization was carried out under the 
following conditions. 



The above components were charged in a 
flask equipped with a magnetic stirring device, 
and die mixture was stirred at 20°C. for 48 
hours. Diethylether was removed at 30°C by 
distillation in vacuo. Thereafter, n-heptane 
was added to dissolve the solid component, 
the mixture was stirred for 1 hour and then 
n-heptane was removed by distillation thereby 
completely to remove the ether. Finally, n- 
heptane was added to the mixture to pre- 
pare a 0.035 mole/liter solution of n-heptane, 
which was used as polymerization initiator 
for the next polymerization. 

The reaction was carried out in vacuo under 
the following conditions. 



mole 



Isoprene 0,20 mole 

n-Heptane 100 ml 

Initiator 022 X10" 3 

Polymerization temperature30°C. 
30 Polymerization time 48 hours 
Conversion 89.0% 
Cis-1,4 structure 89.0% 
Molecular weight (average)3.8Xl0 5 
Q value 328 

35 The reaction system of polymerization was 
non-uniform. 

Values of mechanical properties of a vul- 
canized rubber prepared from the obtained 
polymer were as follows. 

40 300% modulus (kg/cm 2 ) 7.4 

Elongation (%) 620 

Tensile strength (kg/cm 3 ) 16 

Hardness (Shore-A) 27 

Referential Example 4 
45 An example of the preparation of a block 
copolymer using the polymerization initiator 
of Referential Example 1 will be shown. 

The reaction was carried out in vacuo 
under the following conditions. 

50 Isoprene 025 mole 

Benzene 100 ml 

Initiation (prepared in Refer- 
ential Example 1) 0.30 XlO- 5 mole 
Polymerization temperature 30°C. 

55 Polymerization time 48 hours 

After the completion of polymerization of 
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Polymerization temperature 10°C. 
Polymerization time 24 hours 

The polymerization ssytem was a uniform 
solution, conversion was 98.3% and Q value 
was 3.06. 

The obtained polymer was dissolved in 
toluene and a film was made by casting. 
This film was opaque, and did not have any 
rubber elasticity. 

Referential Example 5 
(incomplete removal of the polar (i.e. ether) 
solvent) 

Preparation of an initiator solution) 
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Naphthalene 
Metallic lithium 
Diethylether 



0.10 mole 
0.12 mole 
100 ml 



The aforementioned components were 
charged in a flask having a stirrer under an 85 
atmosphere of nitrogen, and the mixture was 
stirred at room temperature of 23°C. for 4 
hours. The interior of the system was kept 
under an atmosphere of purified nitrogen. 
Next, 0.020 mole of isoprene was added, 90 
and the mixture was stirerd for 1 hour, next 
130 ml of n-heptane, purified in advance, 
were added, the reaction solution was stirred 
with heating and diethylether was removed 
by distillation. As soon as diethylether 95 
stopped distilling off, heating and distillation 
were immediately stopped, and the mixture 
was placed under nitrogen pressure and re- 
tained. The alkali metal concentration of the 
initiator solution was 0.74 gm-atom/liter. The 100 
amount of diethylether in the initiator solu- 
tion was 1.5% by weight. 

Using the initiator solution obtained by the 
foregoing reaction, polymerization of isoprene 
was carried out. The polymerization reaction 105 
used the following device. Namely, it was a 
flask equipped with a magnetic stirrer, heated 
and dried in advance and the air inside 
the flask was replaced by nitrogen in advance. 

Said flask was charged with 100 ml of 110 
purified petroleum ether and 20 ml of iso- 
prene, and while the mixture was stirred, 10 
ml of an initiator solution were added there- 
to.. The reaction temperature was 25°C. and 
the reaction time was 4 hours. 115 

The polymer so produced was treated with 
methanol. The amount of diethylether exist- 



ine in the reaction system was 0.007 mole 
per mole of isoprene and the conversion was 

91 The micro structure of the obtained poly- 
5 mer was as follows. 



10 



3,4-structure 
1,2-structure 
Cis-1,4 structure 
Molecular weight (average) 
Q value 



26% 

4% 

70% 

39,000 

1.86 



Referential Example 6 
(non-removal of metallic lithium) 
In the preparation of an initiator solution 
by the proce* of Example 1, an initiator 
15 solution was prepared without fitanng off 
unreacted excess metallic lithium. The 
amount of each reagent was as follows. 



20 



(1) 



fNapthalene 
■I Lithium 
^Diethylether 



0.01 mole 
0.5 mole 
100 ml 



Thus the diethylether solution of the 
naphthalene-lithium complex compound,' con- 
£i metallic lithium because the lithium 
had not been filtered off 0 03 mol of purified 

25 sryrene monomer was aded .n vacuo to the 
solution and, the reaction was carried out 
aTm Example 1. 300 ml of ben«nc wem 
used to remove the diethylether as m Ex- 
Sle 1 and men 100 ml of benzene were 

30 added to produce an iniuator mixnjre^ How- 
ever, this mixture was in the form ot a 

Sh The amount of ether in this initiator slimy 
warJess^an 0.01% by weight and *e alkali 
35 metal concentration of this slurry was 0.185 
cm-atoms/liter. - . 

The polymerization of isoprene was carried 
out in high-purity N 2 using this initiator by 
the process of Example 2. 

Initiator solution 
Isoprene 
Benzene 

The results were as follows. 

04°/ 

Conversion 

Cis-1,4 structure »»/« 

3,4 structure J"/° 

1,2 structure ktnnm 

Molecular weight (average) 260,000 

Q value 3 67 



40 



8 ml 
200 ml 
400 ml 



45 



50 Mechanical properties of a vmcamzed rub- 
ber prepared using the polymer obtamedm 
the aforementioned process were as follows. 
Tensile strength (kg/cm) 1» 
Elongation (%) ™ 
55 300% Modulus (kg/cm 1 ) *~> 
Hardness (Shore-A) -> 



WHAT WE CLAIM IS: 

1 A process for preparing a hthiunvhjdro- 
carbon adduct which process comprises (i) 
reacting, in the presence, as solvent, of an 60 
aliphatic ether, metallic lithium with a poly- 
cyclic aromatic hydrocarbon haying 10 to 30 
carbon atoms; (ii) removing insoluble 
material from the reaction produci . of i , 
(iii) adding to the solution obtained from (u) 65 
1 to 10 moles per gram-atom of lithium 

in the solution of a conjugated diene hydro- 
carbon or a vinyl- or vinylidene-substituted 
aromatic hydrocarbon; and then (iv , snbwn- 
tially removing all the aliphatic ether from 70 
the resulting solution. . . . 

2 A process according to claim 1 wherein 
the polycyclic aromatic hydrocarbon is naph- 
thalene, anthracene, phenanthrene or di- ^ 

phenyl cess accorc iing to claim 1 or 2 
wherein the aliphatic ether is diethyl ether or 
tetrahydrofuran. . 

4. A process according to any one ot 
claims 1 to 3 wherein the conjugated diene W 
hydrocarbon or vinyl- or vinylidene-sub- 
stituted aromatic hydrocarbon is styrene, iso- 
prene, a-methylstyrene or 1-pheriylbumdiene. 

5. A process according to claun 1 substan- 
tially as described in any one of Examples 1, w 
3 5, 14, 19, 21 and 23. 

3 6 A lithium-hydrocarbon adduct prepared 
by the process claimed in any one of the 
preceding claims. . , ^ 

7 A process for polymerising a conjugated w 
diene which comprises polymerising an anion- 
polymerisabie conjugated diene hydrocarbon 

in a non-polar solvent in the presence of a 
lithium-hydrocarbon adduct claimed in claim 
6. 

8 A process according to claim 7 wherein 
there is formed a block copolymer by poly- 
merising alternately (a) an anion-polymens- 
able conjugated diene in non-polar solvent 

in the presence of the lithium-hydrocarbon 100 
adduct and (b) an anion-polymensable mono- 
ethvlenicallv unsaturated monomer; the 
amount of monoethylenicaily unsaturated 
monomer (b) being such as to provide less 
than 50% by weight of units derived from 105 
(b) in the final polymer. 

9 A process according to claim 8 wherein 
the anion-polymerisable monoethylenicaily 
unsaturated monomer (b) is styrene, «-metnyi 
styrene or vinyl toluene. 

10 A process according to claim 7 where- 
in there is formed a block copolymer by 
first polymerising an anion-polymensable con- 
jugated diene in a non-polar solvent in Ac 
presence of the lithium-hydrocarbon adduct 115 
and then polymerising an anion-polymensable 
monoethylenicaily unsaturated monomer in the 
presence of the polymer chain so formed; 

the amount of monoethylenicaily unsaturated 
monomer being such as to provide less than 120 
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50% by weight of units derived therefrom 
in the final polymer. 

11. A process according to claim 10 where- 
in the anion-polymerisable monoethylenically 
unsaturated monomer is styrene, a-methyl 
styrene, vinyl toluene, vinyl xylene, ethyl 
vinyl benzene, methyl acrylate, ethyl acrylate, 
methyl methacrylate, ethyl methacrylate, 
acrylonitrile or methacrylonitrile. 

12. A process according to any one of 
claims 7 to 11 wherein the anion-polymeris- 
able conjugated diene hydrocarbon is isoprene 
or butadiene. 



13. A process according to claim 7 sub- 
stantially as described in any one of Ex- 
amples 2, 4, 6 to 13, 15, 16, 17, 18, 20, 22 
and 24. 

14. Conjugated diene polymers prepared 
by the process claimed in any one of claims 
7 to 13. 

J. A. KEMP & CO., 
Chartered Patent Agents, 
14, South Square, 
Gray's Inn, 
London, WC1R 5EU. 
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